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FOREWORD 


This Bulletin is published in furtherance of the purposes of NASA grant 
NGL 03-002-313 to the Applied Remote Sensing Program (ARSP). The purpose 
of the grant is to assist with the use of NASA high-altitude photography, satellite 
imagery, and other remotely sensed data, the governmental agencie \ within 
Arizona. 

This report is the twelfth in a series of publications designed to present 
information bearing on remote sensing application In Arizona. The study details 
the land use and flood hazard mapping completed by the Applied Remote Sensing 
Program at the request o*" the Graham, Yuma, Yavapai, and Apache County 
Planning Departments. Th<* puri>ose of the study was to delineate areas subject 
to periodic flood inundation and obtain accurate land use maps to monitor growth 
within the counties. 
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INTHODl C nON 


Ri‘(’i>nt utato and federal le^slation haa made the mapping of flood prone areas 
mandatory for federal flood inauranee pur|x)sea. This coupled with the ranUnued 
pressure for development of floodplains prompted Graham, Yuma, Yavapai, and 
Apache Coentiea to aet>k maps of flood prone areas and current laiul use. 

Local governmental plannioK aj^encies have traditionally regulated the- desi({n 
of new sul>di\isions hy adoption of local rc(>ulation.s which sometimes require (amoiiK 
other considerations) minimum drainage design criteria. Due to passage of the 
mandatory floodplain regulations at the slate level, local |>lanning agencies are now 
faced \sith the task of the delineation of floodplains. Hemote sensing systems offer 
a dynamic resource inventory system wluch can be used to complement traditional 
(h'tai’.ed studies or serve as an important source of information in regions where 
detail(‘d studies are not availaith'. In Graluim, Yuma, Yavapai, and Apache Counties 
remote sensing techni(iu«-s have provided hydrologic information in ai'cas where 
planning had been hampered bv the lack of suitable hvdrologie data, 'i he Countv 
Planning Departments can now, with only limited funds an<l manjtower, guide 
devel(»|jment more wisely away from Hood jirone areas. 

Metiiotjs and Ib'oeedur es for l'loo(l£^)hun DtJ^ineajion 

Certain areas within each of the four eountii-s (Kig^ire 1» were selected as 
pritirity areas for intensive floodplain mapping. Parameters for selecting priority 
areas were those areas of special interest to tiu' county planning staff and tlu- 
combination of areas of immin«’nt or ongoing de\elopnu>nt and areas known to be 
subject to inundation In storm runoff. 
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"Priority areas" refer to entire watersheds or significant portions thereof. 

Very little data were availalilc on the watershiHl characU'ristics and stream flow 
of the priorit>' areas and the information available from various sources was not in 
agreement regarding boundaries. Existing data were therefore used only for backup 
and cross reference for the remote scnsing-dcrived-watershed and flood boundaries. 

The use of remote sensing for drainage pattern and watershed configuration 
analysis necessitates the examiniation of soil color, texture, image appearance, and 
vegetation. Field cheeking ser\ed as the main backup to the interpretations. 

Soils 

A rSDA, Soil Conservation Service (Jeneral Soils Map is of consideraJ)le use in 
floodplain delineations. Soils associated with channels and low terraces are young 
with little or no subsurface development. The B horizon, an area of illuvial clays 
and bloeky structure that is typical of older, more mature soils, is not present in 
low terrace ami channel soils. These soils have a very high refleetanee on I.ANIISAT 
MSS I, .j, and (i, and color infrared photogra|)hs. The general soils map of the four 
counties delineate these soils as a Torrifluvents and Hiver Wash Colluvium Association. 
Field checking can therefore be held to a minimem h\ using a (Jeneral Soils Map 
as a refer«'nce. 

Areas of |K'ri(»dic inundation, the so-v-alled 27 >, r»u, ami loo vear fl<M)d c‘v«‘nts, 
are also associated with young soils that lack B horizon ilevelopment. IU)wever their 
reflectance on LANDSAT bands I, 5, and (>, and color infrared photogi'aphs has a 
darker tone than the ehanm-l and low terrace soils '.ml thev i-an be readilv identified 
and mapped separately. 

In areas of overgrazing the loss of vegetation combined with a slope of 2 or .i 
percent results in sheet flow erosion. This is caused bv wat«‘r coalescing into a 
"sheet" that mav be several hundred meters wide and H) to 20 centimeters deep. 



This erosion strips off the surface soil to varyin" depths. Sheet flow causes a 
very light reflectance on LAND6AT bands 5 and 7 and color infrariHl photographs. 

This tonal reflectance is different from the reflectanee received from floodplains 
and channel soils making it |x)ssible to map boundaries of past flood events of 
various magnitudes using the reflectance received from all 3 soil type's. 

Ck?omorpholon’ 

The LANDSAT color infrared imagery (bands 4, 5, and 7) were used to compile 
a watershed map of the priority areas. The imagery was used in the form of 70mm 
chips for enhancement in a color additive viewer and in all available enlargement 
modes. The transparencies were viewed in color enhancement and on the light tal)le 
in order to construct a map of watershed configuration at a scale of i ''2,500. Drainage 
patterns and erosional featun*s inU'rpreted from I.ANDSAT imagerv at 1:250,000 was 
found to be nearly e(|ual in accuracy U> the outjnit of a similar analysis of the high-altitude 
color infrared transparencies. 


Vegetation 

Vege ation was useful in mapping ll«)od in-onc areas. Dominant vegc-tation types 
for a *ven area are associated with soils, njoisture, and climate. The vegetation 
■malysis consisted of two parts: 

1) The classification of vegetation (Table li 

2) The determination of percent c-over. 

High altitude aircraft j)hotographv at a scale <d l:12o,ooo and I.ANDSAT imagery 
at a scale of 1:.500,000 were employed in mapping the veg<‘tation (Figures I, 5, and 11). 
The aerial pliotographv was necessary for the detailed delineations of the smaller 


channels. 


Tabic 1. General Vegetation C'laaalfication of i.hf Study Area 


Desert Brush - includes mesquite, creosote bush, catclaw, ocotillo, 
and numerous species of cactus. Cottonwood, willow, and tamarisk 
trees occur along the larger stream channels. Desert brush is typical 
of lower elevations and low annual rainfall. 

Herbaceous - typical grasses include: grama grasses, three-awn, 
sacaton, lovegrass, and muhly. Common shrub species found include: 
whitehorn, snakeweed, burro weed, agave, mesquite, and assorted 
cacti. 

Mountain Brush - includes mixtures of oak, aspen, mountain mahogany, 
m&nzanita, bitter brush, maple, etc. This group is typical of inter- 
mediate elevations and genera*! higher annual rainfall than nerbaceous 
areas. 

■luni|K‘r Grass - includes mixtures of juniper, oak, and walnut, with 
various grasses lliat are generally denser than desert grasses due to 
lUgher anneal precipitation. The .luniper grass association with a 
less dense canopy relative to Mountain Hrush is tvpical of lUgher elevations. 

i>onderosa l*ine - Ponderosa i»ine forests art* tvpical of liigher elevations 
and Ivigher annual precipitation. Thev are geru rally found alxive iifiOO 


Vl'KPtation covt>r l8 imiwrtunt in dptermining dirpct i*uiiuff, as the greater the 
vi'getation cover, the Ichs the runoff. "Cover density" (vegetation cover) is definc>d 
as the percent of ground surf, e covered by the crown canopv of plants and plant 
litter. The Arizona Highway Department procedure used in the study calls for three 
broad ranges of cover: 

1) poor 0 - 20f? cover 

2) fair 20 - iO*? cover 

3) gtK>d more than iOTf cover 

The parameters for the analysis procedure were-; soils, geomorplxilogy, 
vegetation, and hydrologic calculations. I*ast experience has shown that the combination 
of these methods provides an effective and reliable means of delineating areas subject 
to periodic inundation (Clark, 107 I and Heckendorf, lO(iH). 

Analvsis of hvdrologic characteristics, watershed configurations, drainage 
|)atterns, and vegetation were conducted using data in a step-down pro<-edure from 
LANDSAT and high altitude aircraft flights. LANDSAT imagery was used at scales 
of 1:1, 000, 000, 1 ;r,00, (too, and l:2r)0,O00. High altitude aircraft color infrared 
imagery was used at scales of 1:120,000 and 1:00, (too. ■| al)U‘ 2 provifit tfu* eom|)|etc- 
list of imagery used. 

Vegc’tation coyer was «>stimated iiy imagery analysis and field cheeking, l lu' 
ground -checked inter|)retation confirmed a close agreement Ijctween areas designatc'd 
as flood ha/.anl /.ones on tlu- basis of yegi-tation analysis ami those generati'd by 
hydrologic calculation. 

While photointer|)reti y»* tei‘hni(|ues bast-d on yeg«-tation analysis are highly 
useful for floodplain mapping in semiarid situations, ground obseryation or low altitude 
oblir|ue views are important for refinement of the mapping. Assessment of tree 
condition in and near chanm-ls has a polc-ntial as a data sourc«'. Kxamination of 


Table 2. LAND8AT and tllRh Altitude Aircraft ImaKcrv I'aed in AnalyseH 


LANDSAT 17l« - 1731 1 

1716 - 17305 

1717 - 17363 
1717 - 17360 
1678 - 17201 
1102 - 17274 
1102 - 17271 


IliKh Altitude Photography 


FliKht 

1 rames 

73 - 056 

0107 


0100 


0111 


0113 


0115 

72 - 120 

3020 - 3033 
3016 - 30 18 

73 • ' » 

0011 - 0013 

73 

(»023 - 0068 

*.;.iSion 155 Roll 10 

681 - 682 


riparian growth by infrared photographic methoda in a low-alUtudc oblique mode 
offers the ix>ssibility of partial elimination of ground-checks and the capability of 
coverage of large areas in a sliorter time. 

An additional vegetation- related factor which Is worthy of inclusion in the 
analytical process is flood-de|x)siU>d debris. This means of establishing high-water 
limits is ol)\1ouslv limited to ground-check observation, unless the debris is of 
considerable magnitudt*. This part of the vegetation-based metlwd overlaps to 
some extent the Idstoric data method. 

Hydrologic Calculation 

The proeedures used In making the hydrologic calculations were basically 
those of the T. S. IX‘partment of Agriculture &)il Conservation Ser\ice (SCS), 
National Kn ;1necring llaiKllx>ok, Section t llvdrolog\- . A detailed, step-by-step 
process is presented in the SCS pul)lication. 

Ilvtlroloflc calculations were done based on vallcv cross-sections surveyed 
at two-to-threewnile intervals, and on the parameters include in the SCS discharge 
eejuation; 

Q is I A Q 

P 1 

1) • .CT 

2 ^ 

Where: 

pcjik disehargi- in efs 
P 2 

A drainage art'a in mi 

storm runoii in inches 

I) storm duration in !«nirs 

T time of eoiicentralion in hours 

e 

iHt is ;i constant for units used 

Values for \ariubles in the previous equation were deti-rmined using eurvc*s in 
th»’ SCS handlx)ok. DaL" used jn tlu* curves were (ieU-rmined by analysis of 
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remotely sensed ImaKery with Kround-check coordination. One of the varlal.les of 
obvious sif(nificance is drainaK^' area; as stated previously, this data was not 
available for most of the counties. The watershed map, which was one of the early 
products of this study, provided fl|;ures for drainage area. Time of concentration, 
which is the time ri>quired (or water falling on the most hydrologically remote 
portion of a '.vatershed to reach the point of concentration or discharge, was also 
obtained during the delineation of drainage patterns. Twi> additional factors which 
are necessary in order to obtain values for the component variables in the SCS 
equation are "curve number" and "soil hydrologic group." These values arc the 
product of a complex set of relationships between four basic factors: (1) climate, 
mainly rainfall and temper iture, (2) soil, lU resistance to erosion and rate of 
water intake; (3) Uipography, lettgth and incline of slope; and (1) vegetation canopy. 
Soil hydrologic groups, as defined by the Soil Conservation Service, are based u|xm 
the capacity of a soil to transmit water when the soil is in a saturated condition. A 
high rate of water transmission is associated with low runoff potential. 

Soil Inalrologie gr(»ups and curve numbers were evaluated using LANDSAT 
70 mm cliips in color infrared (*nhancement and high-altitude color infrared photo- 
graphs in stereovision at 3x magnification. Tlu- bases for these interpretations 
wen- general sloj)e class, soil reflectance as an erosion indicator and a|)|)arent 
densitv and condition of vegetation cover. KstimaU's of hvdrologic groups were found 
to be in agreement with soil tyi)e-hvdrologic group placements determined by SCS 
in most (approximatelv Hf) percent) of the areas observe:!. 

I'buMlplain lines generatc'd by hvdrologie teehniques w<-re assumed to be 
corr<-et and delineations made liased up<»n the various photointerpretive methods 
wer«* measured against tlu se lines, i'he eonfidence U-vel with which one could 
interpret Hood wavs on the remolclv sensed imagery far surpassed previocslv used 
hvdrologic- methovl.- in delineating areas known to be subjeci flcxiding. 
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COl’N'n’ REI’ORl'S 

The analytics were dune by personnel of the Applu'd Remote Sensing I*rogram. 
LAND8AT Imagery was used in black and white transparency form, at 1:1,000,000 
scale for making interpretive overlays on bands 4, r>, and 7 separately. A :b>-lnch 
(1:250,000) color composite print of bands i, 5; and 7 was used as a base for a land 
use map. All lnten)retations on the LANDSAT imagerv were field checked for 
accuracy during the process. 

Two sub-projects were developed based u|)on immediate need for compliance 
with the state mandate for local land use regulation. These were an invenU>ry of 
existing uses of land within the county, and an analysis to estimate the extent of 
flooding hazards in uiiianized areas and in areas of potential !{.ibdi\ision. 

lira ham Conn tv 


Flooding from the (lila River in the vicinitv of Safford, Arizona has occurred 
pcriodicallv since agricultural and uiiiaii dcveloi)menl began in the i-arlv lOOO's. 

Tins study has concentrated on the following in an attempt to <lelineate flooding 
potential in areas now devoted primaiilv to agrii-ultui al use but subjv t to develoimient 
in tlu> near futuri”. 

1. Delineate areas subject to inundation along tlie (lila River 
between Solomon and Pima bv pholointerpretiv c techniques 
PJlark and Altenstadter, i!l7 I) 

2. Compare inundated areas mapped from NASA high-altitude 
|)liotograi)lu and Klt'I'S to existing I .S.II.S. flood prone 
area maps 

;i. Produce maps of iKitcntial (lood an'as at .")0() transferable 

bv tile (P’aham Countv i>lanning staff to 1" aOn' county zoning 
i>eii)s foi’ suljsequent board adoption as the countN'’s floodplain 
managi inent program. 
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Figure 2. Graham County Flooding and Erosion Hazard Map 
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VEGETATION MAP OF STUDY AREA 


INTERPRETED FROM NASA HIGH-ALTITUDE 
AIRCRAFT PHOTOGRAPHY IN COLOR INFRARED 
MISSION 72-129 IAUG72 


Figure 4. 
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Additional input in the form of historic flood data from verbal and newspaper 
sourees, and from known high water marks was incorporated into the analysis. This 
procedure was found to be unreliable as precipitation records and stream flow gauge 
records were inadequate. The lack of recorded data forced reliance upon the memory 
of area residents as to the height and reoccurrence of flood waters. This technique 
was not used in the other county projects. 

Hgures 2, 3, and 4 show the type of information produced in the study. The 
figures a'low decision makers to compare existing land use to flood potential when 
decisions concerning new development on vacant land must be tai.on under advisement 
by the Board of SujH'rvlsors. 

The need in Graham County w’as not only for flood and erosion hazard delineations 
to meet state legislative requirements but also for additional evidence toward settle- 
ment of a disputed inundation area boundary. The lioundary which was provided for 
Federal Flood Insurance purposes was, according to county officials and to local 
historv, an underestimation of the actual area sui)ject to consideraide flooding. 

Remote s»*nsing-deri ved flood hazard mapping has enabled the county to ap|)cal the 
erroneous delineation at minimal cost when compared to standard engineering 
procedures. 


Yavapai County 

Imagerv from LANDSAT 1 and high-altitude natural color photographs were 
interpreteil to develop land use (Figure r>i and flood hazard maps (figure (!) for this 
central Arizona coimtv . A county-wide land use map was made- from 1972 and '73 
Arizona Land I'se Fxperiment photographv, using black and white prints at 1:120,000 
scale. Changes in agricultural and rangeland use patterns were interpreted from 
enlarged (1:250,000) LANDSAT color com|)osit(>s, and used to update the data derivt'd 
from the l'-2 flights, which were two-to-three years old. 

niB 
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VERDE RIVER LAND USE MAP 
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Mood Hoiord Mop of tho Vordo Rivor Intorprotod 



from High Altitudo Aircraft Photography, IRAP 
Mittion 15S, August 1971 
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The area aelected for flood hasutrd analyaia ia the rapidly urbanizing region 
Burrounding Camp Verde and Cottonwood along the Verde River, Wet Beaver Creek, 
and Weat Clear Creek drainage#. This area is under pressure of speculative land 
subdivision, and has a history of severe flooding on the major channels and ephemeral 
streams. Some subdivided land in the study area lies within the main channel of a 
large stream. 

Natural color 9-inch transparencies acquired from RB-57 Mission 155 was 
utilized as the data base. Overlays were made on the transparencies to delineate 
stream channels, over flow areas adjacent to channels, areas of sheet flow or surface 
scour, and areas apparently unaffected by flooding and accelerated erosion. All 
interpretations were field-checked and modified as necessary. 

The watershed of W'est Cicar Creek was selected for a more intensive land use 
and floodplain study. This area is under very intensive subdivision pressures. Many 
structures in those sulKll\1sions lie within the floodplain of West Clear Creek and may 
be susce|)tible to flood damage. Forest Service imagery at 1:31, GOO was used for 
this project. 

The larger scale and high resolution qualities of tin- imagery enal)led the ojM'rator 
to make very accurate interpretations of flood hazard areas (Figure 7) and land use 
patterns (Figure 8). The same procedure was followed in delineating the floodplain 
and the land use in this area as was us«'d in the F-2 interpretations. 

The resulLs of this studv are to be used by the planning staff of Yavapai County 
in an attempt to im|X)sea set of guide-lines on what has l>een a situation of land use 
dominated bv eeonomie i-xpedienev. Remote sensing has pntvided the basis for 
planning in a rapid growth area bv virtue of a broad overview of land use interre-- 
lationslups an<l a rt-asonablv fast update eapabili tv. l.antl use data de\ eloped liv 
this project will become a liase from which coimtv officials can direct the growth of 
the area in such a wav as to maximize the beni-fit derived Irom existing social 
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ngurc 7. West Clear Creek Flood Hazard J 


L«r4 Us* M*p of W*s» Cl**r Cr**k l*t*r|pr*t*^ 
from U.S. Por*st S*rvic* l«*t*ry 
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Figure 8. West Clear Creek I^and Use Map 




Hgure 10. Yuma Count\' Flood Hazard Map 





8er\1ces and utllitica while avoiding potentially dangerous flood hazard areas and 
the excessive costs involved with development of such lands. 

Vuma County 

Yuma Count> , in the extremely arid southwestern corner of the state, shares 
in the problems of other rural jurisdictions: rapidly changing iiatterns of land use — 
some of it in areas environmentally unsuited for development, and very little data 
u|X)n which to base planning decisions or long-range planning objectives. The 
development of land use overlays (Figure 9) as documented alx>ve was necessary 
in order to provide the county planning staff with basic, up -to-date locational data. 

A continuing prol)lem in southern Yuma County is the subdi\ision of prime agricultural 
pro|K'rtv along the tiila Hiver. The net effects of this situation are the removal of 
’.and from production and the placement of d»‘velopment in the easily d«*velo|)jihle, l)ut 
flood prone valley of the (lila. By identifying flood ha/urd areas (Figure 10) much 
of this land can be /onc-d for agricultural and related uses, thus being maintained 
in production wltliout the threat of land speculation. 

Apache County 

■j'he Apache floodplain analysis (Figure ll) included production of a mosaic 
of tho study area using black and while prints from flights 7.1-121 and 71-171 of the 
Arizona l.and I'se Fxperiment. The |)rints used in the mosaic were at a contact scale 
of approxinialely 1:120, (too. rnfortunateb’, there is no color infrared coverage of 
the studv ari-a; such film would have served to increase the efficiency and accuracy 
of interpretations. The 1:120, ooo mosaic was used l<» ri*fine the geomorpholog>-, 
vegetation, soils, and erosion inter()retations madt' from the LANDSAT composite. 
.-Ndditional data were extracted from the mosaic for the smaller stream channc'ls 
which wiTc Uss than the resolution ca|)abilitv of the satellite imagery. 



Hpirc 11. Apache Count>* Flood Hazard Map 




Figure 12. Apache Land Uae M«p 


Th« product of Udt is a Mt of topic maps (Figures 11 end 11) which will 
be used by the plsminf staff of Apache County In their process of land use 
regulation. The land use map will provide a base from which a subdivision develop- 
ment can be monitored. The flood hazard map will be used by county planners to 
direct new urbanization away from areas which are subject to periodic inundation 
and to comply with state and federal legislation which makes the mapping of flood 
prone areas numdatory for insurance purposes. 

The land use and flood hazard maps have been presented to the County Planner's 
offloe for Immediate use in the comprehensive land use regulation process. Data 
presented on these overlays will be used by planners for checking new subdivisions 
for compliance with drainage regulations and for monitoring growth trends and extent 
of land develoinnent. 


RESULTING POUCY DECISIONS 

The interaction of the ARSP team with Apache, Graham, Yavapai, ai;d Yuma 
Counties represents a concentrated effort to work within the rural counties of Arizona. 
These counties share a common problem In that each is predominantly rural, but 
experiencing a rapidly expanding population. In each case the county has a planning 
directory who advises a Planning Commission and Board of Supervisors in their 
policy decisions regarding orderly, planned growth. For example, Yuma County in 
Southwestern Arizona is one of the prime agr'rultural areas in the entire state. The 
quantity of cotton, feed grains and vegetables produced in this area surpasses all 
other areas in Arizona. Yuma County also borders on the Colorado River, and 
thus is a prime area for aew development of retirement communities and for weekend 
boaters interested in the area for water recreation. This situation is resulting in 
the removal of prime agricultural land from production and replacement with new 
subdivisions. 
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The lead uae meppliif and Identtfloatton of flood haiard areae will allow 
Yuma County to delineate agrioultural areae that are not flood prone and poaaibly 
BUlted lor development, while alao protecting the flood prone farming arena fktmi 
development, and therefore maintaining high agricultural production. 

Tentatively, the Board of Superviaora ia planning to adopt a land uae reaolutioo 
calling for die protection of all agricultural arena in the deaignated flood prone area 
of the lower Colorado and Gila Rivera. Theae arena will remain free tram intenae 
development and will be utilized for intenaive agriculture. Thoae agricultural arena 
lying outaide the flood prone arena may opt for development if the owner deairea. 

Comprehenaive, long-range plana are being developed in Apache and Yavapai 
Countiea, both of which are experiencing rapid growth in remote arena of their 
Jurladictlona. In Apache County, problems for the countv planner have arisen from 
the subdivision of large ranches in the southern half of the county. This land, while 
physically attractive to persons sedcing recreational sites is in a geomorphologlcally 
active area of erosion and is subject to flooding hazards. By appl3ring data acquired 
by satellite and high-altitudc aircraft, ARSP has been able to supply the county 
planner with an effective tool for the control of potentially dangerous md costly land 
use activities. 

Problems of a similar nature exist in Yavapai County, which has had considerable 
growth along the Verde River and West Clear Creek drainages. In these areas, much 
of the higher land is dissected by minor channels on slopes too steep for concentrated 
development. Urbanization has taken place in retired agricultural areas subject 
to periodic inundation. In many cases, lots are sold to persons from outside the 
Southwest who are unfamiliar with the flooding potential of the ephemeral streams 
of arid and semiarid regions. Flood and erosion hazard maps on file at the office 
of the County Planning Department will enable persons considering land purchase 
to examine their property in relation to these environmental hazards. The 
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interpretations developed by AR8P for Ynvnpni County will be aooeptible to the 
Arlsonn Water Commission, for initial oomplianoe with mandatory floodplain 
management regulattona. 

A problem common b« all of the rural Arisons oounUea which have had intar- 
acdve projects with AR8P is the subdiviaion of remote areas without application for 
planning department approval or submission of a plat. Such illegal subdivisions 
create a financial burden on county government, both in loss of potential fee and tax 
income and in the eventual costs of providing county services and enforcing land 
use laws after the foct. By use of remote sensing techniques, county planners have 
obtained timely and cost-effective information on the status of land within their areas. 
Current and accurate information on the status of subdivisions is essentlr! to the 
county planning staff who are charged by the state government with the responsibility 
for rational planning decisions, but who have neither the personnel nor the ftmds 
for such activities. 

Graham County, in Southeastern Arizona, has a history of costly flooding in 
the area adjacent to the Gila River, between tlie towns of Solomon and Pima. The 
area shown in Figure 3, the town of Hollywood, has not yet recovered from damages 
suffered during a storm in November, 1972. The flood hazard map developed by 
ARSP for Graham County will be used to direct new development away from areas 
subject to inundation. The need for such regulation in the project i.i ea is immediate 
due to increasing population pressure at. a result of rapid expansion of mining in the 
area. As a result of the ARSP project there exists now a data base for ordinances 
controlling further development of flood prone lands. 

A small planning department is incapable of making the large-scale inventoiy 
that was made with the utilization of remote sensing. These projects, in which 
the ARSP program has worked, signify the utilization of remote sensing at the 
truest grass roots level. The larger more densely populated counties, such as 
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Marloopft and Pima in wUoh Phoaoix and the Tuoson metropolitan arena are located, 
hr.rt the planning oapabiUty and ataff neoeaaary to carry cut their own projeota. 

Thia ia not the caae widi the oountiea in which the program haa worked during 1974 
and 1975. People who are nerving on the Boarda of Superviaora of theae oountiea 
are predominantly ranchera, farmera and buslneeamen. Their expoaure to advanced 
technology euoh a*i remote aenaing and ita applicattona to date haa been minimal. 

The work done by the AR8P program ia a technology tranefer proceaa whereby the 
producta derived from remote sensing are utilised in a positive and meaningftil way, 
in outlying arena to provide project Information desperately needed by community 
leaders. 
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This studly wss ftinded Jointly by 'Jm National Aeronautica and Space 
Administration grant NGL 03-002-313 and Graham, Yiuna, and Yavapai County 
Planning Departments. The orthophotoquads used in the analysis were loaned by 
the Arisons Resources Information System (ARES), directed by C. C. Winikka. 

Jim Altenstadter and Robin Clazk pioneered the techniques used in the flood 
hazard analysis. Their original work has been published in OALS Bulletin 6 
''Application of Remote Sensing Techniques in Land Use Planning: Floodplain 
Delineation. " 

The ARSP staff would like to extend thanks to the many hours of aid and 
cooperation govm by the following County Planning and Zoning Directors: 


Mr. Robert Baldwin 
Mr. Arlo Lee 
Mr. James Moser 
Mr. Jerry White 


Yuma County 
Apache County 
Graham County 
Yavapai County 
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